Numerous concerns about menopause exist among women, and fear of an increase in body weight is one of the most important of them. This paper presents an overview of current knowledge concerning the etiology of obesity related to menopause and about the mechanisms of its development, with particular regard to the hormonal changes that occur during this period of life. The role of estrogens in the regulation of energy balance and the effect of sex hormones on metabolism of adipose tissue and other organs are presented. The consequence of the sharp decline in the secretion of estrogens with subsequent relative hyperandrogenemia is briefly discussed. The main intention of this review is to clarify what is inevitable and what perhaps results from negligence and unhealthy lifestyles. In the last part of the paper the possibilities of counteracting the progress of adverse changes in body composition, by promoting beneficial lifestyle modifications and the use of hormonal substitution treatment, in cases where it is reasonable and possible, are described.
Introduction
Menopause is usually a cause of many concerns among women. One of the most important is the fear of weight gain. In fact, it is well known that obesity and metabolic syndrome are found in women in this period of their life three times more often than before menopause [1] . However, there are a lot of myths -women are not sure whether obesity is associated with menopause per se, or perhaps with "hormonal therapy"? Is weight gain inevitable, something to which one should be reconciled, or is it the result of negligence in the areas of diet and physical activity?
Overweight and obesity according to the definition of the World Health Organization (WHO) are considered as an abnormal or excessive fat accumulation that may impair health (WHO, Obesity and overweight, fact sheet, updated June 2016). The Polish Society of Endocrinology (PSE) describes obesity as a chronic disease characterized by excessive accumulation of fat tissue, increasing the risk of so-called civilization diseases: cardiovascular, metabolic and cancers (Diagnostic and therapeutic algorithms of PSE, 2014).
Menopause is defined as occurring 12 months after the last menstrual period and marks the end of menstrual cycles. It is the result of a depleted pool of follicles in gonads and in consequence of the decline in estro-gen production. Menopause is preceded by a period of premenopause, when menses are still relatively regular, and a 3-12-month period of perimenopause with irregular bleeding. Among European (and Polish) women menopause appears currently on average at age 51.3 ± 5 years.
A lot of distressing symptoms in a woman's life appear during menopause, such as hot flashes, mood disorders, sleep disturbances, and recurring infections of the urogenital tract. Moreover, a lot of metabolic problems emerge at this time -increase in body weight, insulin resistance, and glucose and lipid metabolism disturbances. In consequence, the risk of development of type 2 diabetes, osteoporosis, cardiovascular and oncological diseases increases.
Obesity should be seen as one of the most important disturbances associated with the menopause, being not only a medical but also a social and economic problem. The incidence of obesity in the United States among women between 40 and 65 years is calculated as 65%, and among women over the age of 65 as almost 74% [2] . Similar data relate to Polish women. Prevalence of metabolic syndrome (MS) after menopause, closely associated with obesity, is estimated at the level of 31-55%, depending on the criteria of MS, socioeconomic and environmental differences as well as on genetic and ethnic factors [3] .
The mechanisms of menopausal obesity. The role of estrogens in the regulation of metabolism and energy balance
The mechanisms of the increase in body weight, unfortunately usually in the form of central obesity, during menopause are still not clearly elucidated. The obvious cause seems to be the rapid fall in estrogen levels. However, the contribution of environmental factors should also be taken into account. The main causes of changes in body composition associated with menopause are summarized in Table I .
Estrogens in women are responsible for the accumulation of fat in the subcutaneous tissue, particularly in the gluteal and femoral regions. To cause a biological effect estrogens connect with receptors that belong to the family of nuclear receptors. There are two types of such receptors, ERα and ERβ, which are in fact transcription factors that regulate expression of target genes. However, it is believed that in addition to the genomic action estrogens may also work in a non-genomic mechanism, depending on activation of specific receptors located on the cell membrane. Other sex hormones -androgens -promote the accumulation of abdominal fat. Hence, the development of obesity with metabolically unfavorable fat redistribution from gynoid to abdominal location observed during menopause is caused by the relative hyperandrogenemia in the conditions of lack of estrogens. Another important factor contributing to development of central obesity is a decrease in the hepatic production of sex-hormone binding globulin (SHBG), which increases the bioavailability of androgens. It was estimated that postmenopausal women had a 4.88-fold higher risk of developing abdominal obesity compared to premenopausal subjects [4] . In return, obesity has an impact on the peripheral conversion of androgens into estrogens. As a result of the aromatization of testosterone and androstenedione to estrone (E 1 ), estradiol (E 2 ) and estriol (E 3 ), levels of these hormones in obese postmenopausal women are higher than in nonobese subjects. In consequence, visceral fat mass increases during menopause by 44% and the mass of gynoid fat rises by approximately 32% [5] . Unfortunately, it seems that aromatase-derived estrogens are not associated with the protective status for insulin sensitivity and cardiovascular diseases, and increased risk of type 2 diabetes, hypertension, and dyslipidemia, and a higher rate of cardiovascular diseases in postmenopausal women are observed.
Sex hormones and metabolism of fat tissue
Stimulation of ERα in adipose tissue affects metabolic activity of adipocytes. In general, ERα receptors are involved in the beneficial effect of estrogens on adipose tissue distribution, glucose metabolism, and inflammation [6] . However, fat tissue metabolism is in fact regulated primarily by the adrenergic system. Stimulation of the type β adrenergic receptors increases lipolysis, while the activation of α2A receptors results in the antilipolytic action and contributes to the accumulation of fat. It has been shown that estradiol increases the expression of α2A receptors in subcutaneous fat tissue in women and does not affect these receptors in the visceral fat [7] . On the other hand, it was found that activation of the ERα receptors could stimulate adrenergic β receptors in the visceral tissue, enhancing the process of lipolysis and in this way reducing abdominal fat mass. Moreover, estrogens increase fat oxidation in the skeletal muscles and inhibit hepatic and muscle lipo genesis [8] . So, it should be expected that the lack of estrogens associated with menopause would result in a tendency for an increase in the visceral fat mass. In turn, abdominal obesity is a key factor in the pathogenesis of insulin resistance and metabolic syndrome. Visceral fat mass is considered as a potential mediator between menopausal status and the degree of insulin resistance. However, the relationship between menopausal status and the decrease in insulin sensitivity is not entirely explained. It has been reported in some studies that there is a lack of direct effect of menopause on the development of insulin resistance [9, 10] . On the other hand, many authors have evidenced the existence of such relationship, although usually the study groups were not matched for BMI or waist circumference [11, 12] . The problem of insulin sensitivity in postmenopausal women is of great importance, be- Increase in body weight Increase and redistribution of fat mass (from gynoid to abdominal obesity) Decrease in fat-free mass cause the most severe metabolic disturbances -high postprandial glucose, hypertriglyceridemia, high C-reactive protein and interleukin 6 (IL-6) levels as well as low levels of Apo A1 and HDL cholesterol -are found in postmenopausal women with both abdominal obesity and insulin resistance [13] . The relationship between degree of visceral obesity and insulin resistance is dependent not only on estrogens but also on the other sex hormones levels. Particularly free testosterone can induce insulin resistance both directly and indirectly through the increase of abdominal obesity [14] . Also low SHBG levels are an important factor contributing to insulin resistance development in postmenopausal women. Inversely, the elevated insulin stimulates the production of androgens in the mechanism of activation of cytochrome P450c17α, which is a key enzyme in the ovarian androgens' biosynthesis. Gonadotropins that are elevated in menopause are another important factor acting in mechanisms of androgen synthesis stimulation. However, it has been shown that estrogens administered to animals after ovariectomy normalize body weight, earlier increased as a result of the removal of the gonads, and restore insulin sensitivity, but only in the presence of ERα [15] . It confirms the important role of estrogens in the regulation of energy balance. It is well known that fat tissue, particularly in obese subjects, is the source of many adipokines. One of the most important of them is leptin. Its levels reflect the volume of fat mass. Leptin inhibits appetite, acting centrally. It has been demonstrated that estrogens potentiate leptin action by increasing the expression and sensitivity of its receptors in the hypothalamus [16] . Also an inverse correlation between the levels of estrogens and adiponectin -another important cytokine -opposite to leptin, increasing insulin sensitivity, has been observed [17] . Moreover, estrogens inhibit the production of proinflammatory cytokines produced in fat tissue, such as IL-6 or tumor necrosis factor α (TNF-α) [18] .
Clinically important and measurable effects of sex hormones action on the metabolism of body fat are their impact on blood lipids levels. In postmenopausal women estrogens promote the maintenance of a favorable lipid profile, while the increase in androgen levels has an atherogenic effect [19] .
Perimenopause is also the time in which women often experience an increase in blood pressure. In women older than 55 years of age hypertension is found more frequently than in men [20] . No similar relationship occurs in younger subjects. The pathogenesis of perimenopausal hypertension is complex. However, also in this case the role of estrogen deficiency, which leads to domination of vasoconstriction over vasodilatation effects, seems to be crucial. Lack of estrogens results in a decline in prostacyclin and nitric oxide levels [21] . Unfortunately, estrogen supplementation in physiological menopause does not reduce blood pressure significantly, indicating the contribution of other factors in the mechanism of hypertension development, e.g. the renin-angiotensin-aldosterone system. Also obesity with related insulin resistance and inflammation participate in the development of hypertension.
Do estrogens affect appetite?
Control of appetite and, more generally, of energy balance is continuously performed in the central nervous system (CNS), mainly in the hypothalamus. In this region nuclei -arcuate, ventro-medial and paraventricular -are located. Activation of specific neurons in these structures triggers an orexigenic or anorexigenic effect, i.e. stimulating or reducing appetite.
The expression of both types of estrogen receptors, mainly ERα, occurs in this region. Activation of ERα on hypothalamic proopiomelanocortin (POMC) neurons inhibits appetite in experimental animals [22] . Also the expression of neuropeptide Y (NPY) -an orexigenic peptide produced in the hypothalamus -is inhibited in the presence of estrogens [23] . Moreover, activity of ghrelin -the strongest orexigenic peptide, derived mainly from the stomach, but also produced locally in the hypothalamus -is reduced by estrogens [24] . So overall it may be said that estrogens are involved in central regulation of energy balance, and act on the CNS to reduce appetite. It can be assumed that the rapid decline in levels of these hormones would contribute significantly to an increase in appetite.
Undoubtedly, weight gain during menopause is common. It is largely due to hormonal changes that take place at this time. However, also other factors should be taken into account. These include genetic as well as environmental factors, among which lifestyle changes (unhealthy diet, lack of physical activity), illness (e.g. Cushing disease, hypothyroidism), certain medications (e.g. corticosteroids, insulin, glitazones), and other factors should be mentioned.
Is an increase in body weight with its subsequent metabolic consequences in menopause inevitable? Is avoi d ing or reducing obesity possible?
Since the lack of estrogen is of crucial significance to the development of obesity and initiates the action of other involved factors, it may be considered that making up for the deficiency of these hormones, in the form of substitution therapy, would help to prevent an increase in body weight and normalize metabolic disturbances. Indeed, there is a lot of evidence that hormonal replacement therapy (currently called hormonal therapy of menopause [HTM]) reduces obesity, decreases abdominal fat mass (redistributes body fat), lowers the fasting glucose and insulin levels, improves blood lipid profile and, as a result, reduces cardiovascular risk [25, 26] . The authors of a meta-analysis including more than 100 randomized controlled trials (RCT) concluded that HTM irrespective of the route of administration (orally or transdermal) and whether a progestin component was added to estrogens caused an increase in fatfree mass, decrease in visceral fat, increase in insulin sensitivity, and decrease in LDL/HDL cholesterol ratio, and Lp(a), fibrinogen and plasminogen activator inhibitor (PAI) levels. The impact of HTM on blood pressure was insignificant. In general, oral therapy had a more favorable effect on lipids and parameters of inflammation than transdermal therapy [27] . In another prospective RCT a decrease in fat mass, improvement in insulin sensitivity and lowering of blood pressure during HTM were observed [28] .
It is quite obvious that HTM should be applied in accordance with the rules set out in the recommendations of scientific authorities, taking into account the indications and contraindications. Now it is known that treatment should be started during perimenopause or in the first few years after menopause. If initiated later it may even be counterproductive and harmful. There are more and more data on the desirability of long-term therapy, which should be aborted as a result of contraindications or lack of acceptance of, or inability to perform, control tests. It should be remembered that higher E 2 levels, not counterbalanced by progestins, might lead to massive bleeding in premenopausal women and to risk of hyperplasia and endometrial cancer after the menopause.
Not without significance is the attitude of the women themselves. Life after menopause can be a time dedicated to the development of their own interests, physical activity, reflection over the way of life and the implementation of healthy behaviors. Certainly, the cardiovascular events, hypertension, diabetes, hyperlipidemia, breast cancer risk, osteoporosis or urinary incontinence strongly depend on body weight, nutrition, physical activity and lifestyle decisions. The Framingham Nutrition Study showed that in women high calorie diet, rich in fat, containing alcohol with less fiber and micronutrients used for 12 years increases the risk of abdominal obesity and metabolic syndrome 3-4 fold [29] . On the other hand, a calorie-restricted diet with elimination of fast foods and carbohydrates but rich in sea fish, dietary products, fruits and vegetables is protective against obesity and metabolic disturbances [30] .
Dietary modification should include a balanced, low-calorie diet. It is recommended to consume more fruits and vegetables and whole grains and reduce the intake of fats and carbohydrates. Although weight-loss programs recommend diets providing about 1500 cal, usually in proportions 60% carbohydrate, 30% fat, and 10% protein, the most important thing is to reduce the number of calories. As the lean body mass (including muscle mass) in menopause decreases, lower calorie intake in this period of life is needed. Eating while on one's feet, watching TV or playing games should be avoided. It is clear that the degree of weight loss is strongly dependent on the individual ability to adhere to dietary restrictions.
Recommendations of scientific societies in respect of lifestyle in the menopause emphasize the importance of combining diet with exercise. Limited physical activity during this time accelerates the progress of aging and increases the cardiovascular and osteoporosis risk.
Regular exercise (30 min/day, at least 2.5 h/week) is the best predictor for achieving long-term weight control and prevents cardiovascular events. Exercise habits added to diet help to promote greater weight loss. It has been proven that behavior that includes healthy eating and more intense physical activity in women in menopause is effective in reducing body weight, in particular the fat mass, whereas fat-free mass is maintained, and bone mass even increases.
Conclusions
Fear of obesity associated with menopause widely expressed among women seems to be justified. Observations confirm a high prevalence of weight gain and higher risk of many diseases related to obesity, especially cardiovascular events and cancers, in this period of women's life. Taking into account the growing frequency of overweight and obesity in the whole population, metabolic problems that appear in women in menopause should be considered as not only individual but also socioeconomic. However, gaining better understanding of the causes and mechanisms of weight gain during this time of life suggests that the occurrence of these unfavorable phenomena is not inevitable. They can be effectively countered by implementing the principles of a healthy lifestyle, and, when appropriate and possible, by hormonal therapy of menopause.
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